ing electrocardiographic findings is based on information obtained from hospital and clinic populations. Less iniformation has been obtained from healthy subjects. Hospital and clinic populations a-re preselected populations and introduce a degree of bias concerning the significance of observations made from them. Since a high percentage of patients admitted to a cardiac service do have underlying cardiovascular disease, many electrocardiographic findings appear to have a greater specificity in reference to diagnosis and prognosis because of their association with well-defined clinical events.
The United States, Air Force began an electrocardiographic program for its flying personnel in 1957. This study required that an electrocardiogram be obtained on all subjects entering flying training and that an electrocardiogram be obtained on all individuals involved in flying duties. Prior to that time electrocardiograms were required only on men at the time of their fortieth birthday and each year thereafter or only when indicated for a clinical reason. The first 67,375 subjects studied during the first 2 years of the program are the basis of a previous report.'-'0 Since that time an additional 54,668 individuals, have been studied. The incidence of electrocardiographic abnormalities occurring in the combined population of 122,043 individuals, as well as numerous electrocardiogra.phic variations not previously reported, and the significance of such findings are the subject of this report.
Methods and Materials
The 122,043 individuals comprising the study are all male. Their ages range from 16 years of age to over 50. The population distribution by From the School of Aerospace Medicine, Headquarters Aerospace Medical Division, Brooks Air Force Base, Texas.
Circulation, Volume XXV, June 1962 5-year age groups is included in table 1. The vast majority of the population are flyers and must, of course, be in exceptionally good health to qualify for such duties. A large number of the younger subjects in the population are cadet applicants and presumably are in sufficiently good health to be considered for entry into a flying training program.
The age distribution of the population permits an analysis of the incidence of electrocardiographic findings as related to age. The incidence studies are based exclusively on the findings noted on an initial electrocardiogram. None of these abnormalities was detected as a result of a clinical event or a newly developed abnormality in the presence of a previous baseline normal record. Thus, the incidence studies are based exclusively on the electrocardiographic findings that might be found in an asymptomatic, apparently healthy population by means of an initial routine electrocardiogram. The major abnormalities have been expressed in rates per thousand for specifie age groups when there were sufficient abnormalities present to permit such calculations. Electrocardiographic variations such as axis deviation, wave form configurations, and intervals that have not previously been reported were routinely tabulated in the last 54,668 individuals. These too have been expressed in rates per thousand per 5-year age group.
Clinical evaluations have been carried out in 955 cases and analyses of these findings are included in the study. These cases are in addition to those previously included in the publication on initial electrocardiographic findings.
Results and Discussion
There was a total of 5,773 electrocardiographic abnormalities noted in the group, for an incidence rate of 4.72 per cent. The incidence of the more frequent electrocardiographic abnormalities was calculated in terms of rate per thousand for each age group (table 2) . Less common electrocardiographic abnormalities did not exist in sufficient number to permit realistic calculation on the basis of rate per t,housand for specific age groups. The number of individuals with these types of abnormalities and the rate per thousand for the entire population are given in table 3. A total of 54,668 electrocardiograms has been analyzed for the presence of minor electrocardiographic variations not, usually considered as electrocardiographic abnormalities or electrocardiographic diagnoses. Although none of these is thought to be of diagnostic importance, many show definite trends correla,ted with age. This, analysis provides useful background data with which to interpret electrocardiograms at various a,ge levels.
Atrial Rhythm
A total of 672 subjects presented with atrial rhythm. This interpretation was, made in all those records that demonstrat,ed a normal P-R interval with retrograde atrial excitation manifested by an inverted P wave in leads II, III, and aVF. In such instances it is assumed that the primary pacemaker is located in the atria. A more detailed discussion proyiding a, basis for this opinion has been previously reported.2 This electrocardiographic pattern has been classified by other authorities as upper nodal rhythm with antegrade block and coronary sinus rhythm."1 12 In this study only two cases have been observed in which atrial rhythm was persistent.
Atrial rhythm commonly occurred during periods of sinus bradyeardia when the rat.e of the sinus node falls below the inherent rate of the reserve atrial pacemaker. Atrial rhythm is easily abolished by atropine or sympathomimetic maneuvers, which increase the rate of the sinus node. Frequently, atrial pacemakers have a variable rate similar to the behavior of the sinus node. In the comr-mon variety noted in this survey, and classified as atrial rhythm, the upper range of the rate of the atrial pacemaker was less than 100 per minute. Rhythms initiated from an atrial focus at a rate more rapid than 100 beats per minute were classified as atrial tachyeardia rather than atrial rhythm. The incidence of atrial rhythm in this population was 9.1 per thousand in the age group from 16 to 24 years, and 3.4 per thousand in all subjects 25 years of age or older.
Atrial rhythm is considered to be a benign variation in cardiac rhythm frequently associated with physiologic events that affect autonomic control of the cardiac rhythm. It is apparently in no way an indication of cardiac disease or significant abnormality in cardiac function.
Atrial Premature Contractions
Atrial premature contractions were noted in 534 subjects with an incidence rate of 4.3 per thousand. In nine subjects the prematurities were interpolated or true extrasystoles; 82 of the subjects had clinical evaluations. In none of the cases could significant evidence of underlying heart disease be demonstrated. Two subjects, during evaluations, demonstrated short bursts of atrial tachycardia, and two other subjects demonstrated numerous premature ventricular contractions after exercise, producing bigeminal rhythm in one case and multifocal prematurities in the other. There was no apparent significant difference in the incidence of atrial prematurities for the different 5-year age groups with the exception of men 50 years of age or over. The number of subjectsi in this age group, however, is quite small, and the rate per thousand for atrial premnaturities is based on only seven subjects. In 263 subjects nodal premature contractions were observed, resulting in an incidence of 2.1 per thousand subjects. There was no significant difference in the incidence rate for the different age groups. Forty-three subjects had extensive clinical evaluations, and no evidence of heart disease was detected in any of these individuals. An interpretation of nodal rhythm was made in those records with retrograde atrial excitation and a P-R interval of less than 0.10 second or with retrograde atrial excitation occurring simultaneously with or following ventricular excitation. This does not include those cases diagnosed as atrioventricular dissociation but only those cases in which one pacemaker was responsible for excitation of both the atria and the ventricle, the atria being excited in retrograde fashion. This is usually an intermittent arrhythmia. True nodal rhythm meeting the above diagnostic criteria is a relatively uncommon arrhythmia in resting routine electrocardiograms. It was noted in only 18 subjects with an incidence of 0.14 per thousand. It occurs when the atrioventricular node functions as a reserve pacemaker and is more common in young individuals. Ten of the 18 subjects were 24 years of age or younger. No evidence of heart disease was detected in any of these subjects. Although true nodal rhythm is uncommon in a routine resting electrocardiogram, it is much more common during stress procedures involving breathing maneuvers, breath-holding, and orthostatic stresses. Its oceurrence during maneuvers that increase vagotonia is not considered a significant abnormality.
One subject demonstrated nodal tachyeardia. This diagnostic distinction was reserved for those cases with a nodal rate over 100 beats per minute. This subject is not included in the 18 examples of nodal rhythm. Ventricular Premature Contractions There were 952 (7.8 per thousand) subjects that had ventricular prematurities on the mounted routine 12-lead electrocardiogram (approximately 48 seconds of recording time). Ventricular prematurities, however, were a common finding in all age groups. The increased incidence of observed prematurities with inereasing age suggests that the occurrence of some of the prematurities is secondary to changes accompanying aging. The common occurrence of prematurities, however, in all age groups makes it impossible, on an electrocardiographic basis alone, to determine whether the occurrence of ventricular prematurities is in fact secondary to significant cardiac changes. The frequency of prematurities in association with different age groups was also; studied and expressed in rates per thousand (table 4) . When so many different categories are involved, the groups are necessarily small, and definite conclusions cannot be dra.wn; however, the largest group of subjects (393) had from 2 to 4 ventricular premature contractions on a single record. It was evident that frequent ventricular prematurities (5 to 10 per record) were not uncommon. Frequent, prematurities occurred in all age groups and no distinct differentiation on the basis of increased frequenecy of prematurities could be attributed to age. This suggests that altho-ugh prematurities may be moderately frequent on the record, increased frequency alone is not an adequate basis to presume that their origin is secondary to cardiac disease.
Extensive evaluation of 238 subjects with ventricular prematurities was obtained. Only one of these subjects had clear-cut evidence of heart, disease previously unknown and discovered only because an evaluation of premature ventricular contractions, on a routine electrocardiogram was performed. A study of the influence of exercise and stress upon the occurrence of ventricular prematurities has been performed and will be the subject of a subsequent report. 13 Of the 952 subjects oiily three examples of multifocal ventricular premature contractions were noted. Katz' criteria were used for classifying ventricular premnaturities a,s multifocal in origin." All three records demonstrated ventricular prematurities of dissimilar configuration with an inconstant relationship to the preceding beat. The dissimilar characteristic of the QRS complex was ilot due to the phenomenon of ventricular fusion. This points up the relatively uncommon occurrenee Nuiubers not in parentheses are the number of true multifocal ventricular prema,ture contractions in a routine resting electrocardiogram in an apparently healthy population.
There were 56 subjects, with examples of interpolated prematurities or true ventricular extrasystoles.
Ventricular Fusion Prematurities
An additional group of 55 subjects demonstrated ventricular prematurities that had inconstant coupling with the preceding beat and demonstrated ventricular fusion beats. In many, but not all instances, a lowest common denominator for a ventricular pacemaker could be detected. One factor that made it impossible to ascertain this in all records was that a portion of the records had only a 46second recording for a routine electrocardiogram. All these subjects appeared to be free of significant heart, disease. Although many of these records could be classified as ventricular parasystole, a,t this time they are classified as ventricular fusion bea,ts and a subsequent communication will deal more extensively with the problem of ventricular parasystole.
Ventricular Tachyeardia
There were six examples of ventricular tachyeardia. This interpretation was made when short bursts of three or more ventricular impulses occurred at a rapid rate. Three cases were studied and found to have heart disease. The other three were unava,ilable for evaluation. Ventricular tachycardia is a significant Circulation, Volume XXV, June 1962 arrhythmia indicative of an irritable myocardium and is usually associated with some disease process.
Atrioventricular Block
An interpretation of first-degree atrioventricular (AV) block was made in all those records that had a P-R interval greater than 0.20 second. There were 802 (6.5 per thousand) subjects with this finding. There was no significant difference in the incidence rate for the different age groups except in thpse subjects 50 years of age or older. The latter age group was, so small that it cannot be stated there was a true increase in incidence past the age of 50. Clinical evaluation on 111 cases of first-degree AV block, in addition to thosse previously reported, has been accomplished.7
Of these, only four demonstrated evidence of heart disease; five of 139 previously reported evaluat,ions, had shown evidence of heart disease; six in the current study had a history of scarlet fever or rheumatic f£ever in childhood. The remainder had no history that would suggest the presence of a, previous significant myocarditis or other evidence of heart disease. From an evaluation of individuals with first-degree AV bloek, it is, our impression that the vast majority of these individuals, without other evidence of heart disease, exhibit this phenomenon as an individual variability of the refractory period at the AV junction as a physiologic mechanism. Special studies including hyperventila-tion, orthostasis, exercise tolerance test, and intraveno-us injection of one-fiftieth grain of atropine produced shortening of the P-R interval to within normal limits in most subjects. A more extensive review of the influence of physiologic stresses and atropine on first-degree AV block has, been reported previously.7
There were two cases that developed seconddegree AV block with breath-holding maneuvers, and three showed the typical Wenekebach phenomenon during decreasing cardiac rate after exercise. The vagal slowing following termination of exercise appears to influence the AV node and increases its relative refractory period. The sensitivity of the AV node to vagal inhibition appears to be a major factor in producing first-degree AV block noted on routine electrocardiograms in a relative asymptomatic population.
Secondand third-degree AV block were very rare findings. There were only eight subjects with second-degree AV block on a baseline record. Of the new cases detected, none has had extensive evaluations, since they were applicants for flying training and were disqualified on the basis of t,his finding. Only three examples of third-degree or complete AV block have been noted. It should be emphasized that second-degree AV block may be induced in normal individuals with physiologic stresses despite the fact that its occurrence in baseline records in apparently healthy subjects is exceedingly rare.
AV Dissociation with Nodal Rhythm
Those instances in which the atria were stimulated by the sinus node and the ventricle was stimulated by the AV node in an intermittent fashion, were classified as AV dissociation with nodal rhythm. This phenomenon was noted in 85 (0.6 per thousand) subjects. The majority of these (71 subjects) examples were in individuals in the younger age groups,. The cardiac rate was usually slow and dissociation was, frequently induced when. vagal inhibition slowed the sinus node below the inherent rate of the AV node, permitting AV dissociation to occur in a passive manner. AV dis.sociation inay occur in younger individuals as, a physiologic phenomenon unassociated with evidence of underlying heart disease.
Although AV dissociation is relatively uncommon on routine baseline records, it is a frequent and common occurrence during procedures of physiologic stress that influence vagal tone. AV dissociation may also occur when the AV node has an inherent rapid rate and may induce AV dissociation with nodal tachyeardia. In these instances AV dissociation is not rega.rded as a benign phenomenon, and comprehensive evaluation of the subject is indicated.
Individuals who have a high degree of vagal control of cardiac activity are especially prone to demonstrate multiple complex arrhythmias without underlying heart disease. The capricious behavior of the AV junction is illustrated by the rapid transition in a normal subject from normal sinus rhythm to AV dissociation, recapture of the atria by the AV node, inducing transitory AV nodal rhythm followed by AV dissociation and recapture with the sinus node to induce normal sinus rhythm. AV dissociation and the complex arrhythmias related to it that may occur in healthy people do alter cardiovascular dynamics. Atrial contractions augmenting ventricular filling prior to ventricular systole may not occur in the proper sequence. AV dissociation may result in atrial contraction during the time that the ventricles are in systole. This alteration of the normal sequenee of rhythmic atrial contracetion followed by ventricular contraction appears toi create no significant compromise of cardiac function during usual resting states. AV dissociation in young healthy individuals disappears, during exertion or other factors that induce ca.rdiac acceleration. AV dissociation may accompany syncopal episodes induced by physiologic maneuvers and is one manifest-ation of the cardio-inhibitory phase of a syncopal response. This does not mean that AV dissociation in a healthy individual predisposes to syncope. It does mean that AV dissociation is one manifestation of the vagal events that are chiefly responsible for the mechanism of syncope commonly induced by physiologic maneuvers. Further compromise of cardiova,scular dynamics, by altering the normal sequence of atrial and ventricular contraction can contribute to the total picture of circulatory failure when it occurs as one feature of a syncopal episode.
AV Dissociation with Ventricular Rhythm
In the presence of AV dissociation the ventricles may be stimulated by a ventricular focus below the AV node. Cases that present this finding have been classified as AV dissociation with ventricular rhythm. All the cases classified in this, group in this study are individuals with the rate for the ventricular pacemaker below 100 beats per minute. Commonly, the ventricular rate was 50 beats per minut.e or less. Obviously, AV dissociation with a ventricular pacemaker with a rate above 100 beats per minute is ventricular ta.chyeardia. AV dissociation with ventricular rhythm behaves for the most part like AV dissociation with AV nodal rhythm. Periods Circulation, Volume XXV, June 1962 of recapture and passive AV dissociation were noted. In the same individual, AV dissociation may be induced by premature firing of the ventricular pacemaker or it may be induced as a passive phenomenon. Five of these cases have been previously reported.3 A total of 11 cases has now been observed. The additional cas,es show a pattern similar to those previously reported. The presence of such an arrhythmia is insufficient evidence to establish the diagnosis of heart disease without other findings.. None of the individuals in this group has been demonstrated to have significant underlying heart disease. All of these subjects, by the classic definition. of Kaufmann and Rothburger, could be considered as ventricular parasystole.14
Wolff-Parkinson-White Syndrome
Those records demonstrating a short P-R interval with definite evidence of pre-excitation were classified as Wolff-Parkinson-White syndrome. There were 187 (1.5 per thousand) subjects with this finding. There was no significant va,riation in the incidence rate for different age groups. This is to be ex- (14) peeted, since the entity is considered as a congenital variation. An additional 15 subjects have had extensive clinical evaluation in the new cases detected s,ince the original 106 cases were reported.4 There were no additional findings that would alter the original concept that, the Wolff-Parkinson-White syndrome is a congenital variant and in itself is not indicative of underlying heart disease.
Complete Right Bundle-Branch Block
A diagnosis. of complete right bundle-braneh block was, made in those subjects with a QRS duration of greater than 0.12 second and a broad S wave in lead I with a broad R or R' wave in lead Vl. There were 231 (1.8 per thousand) subjects with this finding. Right bundle-branch block has been noted in all different age groups comprising the study.
There was no significant difference in the incidence rate between the different age groups. None of the subjects in this group had previous normal electrocardiograms. A number of individuals, with previous normal records have developed right bundle-branch block on subsequent tracings but are properly not ineluded in the incidenee figures of this report. It is our impression that right bundle-branch block may be detected at any age without evidence of significant underlying heart dis-ease. Its occurrence in individuals past the age of 40, however, is more commonly associated with clinical findings suggestive of underlying cardiac disorder. Its occurrence in individuals with previously normal records is objective evidence of serial changes in the electrocardiogram and requires explanation. The incidence rates in the different age groups noted in this study give strong support for the contention that complete right bundle-branch block may occur in the absence of underlying cardiac disease, despite the faet that its oecurrence may also be induced in individuals with organic heart disease.
Complete Left Bundle-Branch Block
In 17 subjects complete left bundle-branch block was noted on the initial eleictrocardiogram. It is of interest that, despite the large population of 44,231 subjects below the age of 25, not a single instance of complete left bundle-branch block was noted. Apparently individuals with complete left bundle-branch block in. the young age group usually have sufficient clinical evidence or history of heart disease that they are not considered for examination for entry into flying training programs. In view of the large population studies,, it is unlikely that complete left bun-Circulation, Volume XXV, June 1962 dle-branch block occurs as an isolated asymptomatic congenital abnormality. The number of subjects with complete left bundle-branch block below the age of 35 is so small as to make incidence rates in this group unreliable. However, the incidence rate was 0.5 per 10,-000 subjects below the age of 35, and 3.0 per 10,000 subjecets 35 years of age and older.
The apparent rarity of complete left bundlebranch block in healthy subjects below the age of 25 and its rare occurrence in subjects below the age of 35 clearly point up that left bundle-branch block in an asymptomatic population is commonly an acquired abnormality. Evaluation of eases, presenting with left bundle-branch block in this laboratory has frequently shown evidence of underlying heart disease, including atherosclerotic heart disease and previous history of Bright 's disease, scarlet fever, rheumatic fever, diphtheria, and other disease processes.
Intraventricular Conduction Defects
There are 505 subjects that had a QRS duration of 0.12 second with abnormal intraventricular conduction that, could not be classified as right or left bundle-branch block or Wolff-Parkinson-White syndrome. The majority of these demonstrated terminal delay of the QRS complex. This group does not inelude instances of indeterminate QRS axis or abnormalities of the R to S ratio in V1 or V2. Very little clinical information is available in this, group. Some of them may be the result of serial electrocardiographic changes and may represent unrecognized s.ignificant defects such as peri-infaretion block, as described by Grant, and other conduction defects secondary to heart disease.15 A large number of these subjects were in the younger age groups, and electrocardiographic variation was an incidental finding in an otherwise healthy subject. This point emphasizes the necessity for caution in attributing any important, clinical significance to such a finding noted on a single routine electrocardiogram. If it can be documented to be a serial change, it then has considerably more clinical significance.
Circulation, Volume XXV, June 1962 Vumber of Persons 122,043 Subjects There were no examples of left ventricular hypertrophy observed on routine electrocardiograms without antecedent history of cardiae disease. One reason for this. is the exacting requirements, for diagnosis, of left ventricular hypertrophy used in this, laboratory. Such interpretations are not made for increased QRS amplitude alone, marked left axis alone, or nonspecific T-wave changes occurring alone. An analysis, of QRS amplitude in young healthy subjects has demonstrated that marked increa-ses in QRS amplitude may occur in normal healthy people.10 Similar statements may be made for left axis deviation and nonspecific T-wave changes. One example of right ventricular hypertrophy combined with atrial hypertrophy was detected as a result of a baseline routine eleetrocardiogram. Evaluation of this individual revealed previously undetected mitral stenosis with atrial hypertrophy and right ventricular hypertrophy. Mitral commissurotomy was subsequently performed. No other examples of hypertrophy problems were detected.
Nonspecific T-Wave Changes An interpretat.ion of nonspecific T-wave changes was, made when specific variations in T-wave form from the usual normal electrocardiogram were observed. These abnormalities in T-wave amplitude or the direction of the T vector were class-ified into nine different types, as. described in a, previous publication.8 The number of subjects in each category, and the rate per thousand are listed in table 5. There were 1,405 (11.5 per thousand) subjects with nonspecifie T-wave changes.
The five more common types of T-wave variationis have been expressed on a rate-perthousand basis for each age group in table 6. True inversion of the T wave in lead I is uncommon in healthy asymptomatic individuals in routine records. Only 32 examples were noted in the entire population survey (table 7) . Over half (19 subjects) of this group occurred in individuals 40 years of age or older.
Clinical data on an additional 314 subjects with nonspecific T-wave changes not previously reported have been evaluated; this information is summarized in table 8. In this survey over 65 per cent of the subjects presenting with nonspecific T-wave changes on a routine electrocardiogram had normal records when the tracings were obtained while the subject was in a resting and fasting state. Associated clinical evidence supporting the probability of underlying heart disease was noted in 11.4 per cent of the 314 subjects. Such evidence included elevated blood pressure over 140/90 mmn. Hg, anginal symptoms, diabetes, cardiac enlargemeent on chest x-ray, and a very strong positive family history for heart disease. A clinical evaluation of the older subjects with the so-called juvenile pattern demonstrated that this group had the highest percentage of persistently abnormnal records in the fasting state (60 per cent). This group also had the highest incidence of supportive evidence for underlying heart disease.
T-wave changes noted with increased heart rate after exercise or orthostasis indicate the influence of disturbance in the autonomic control of the cardiovascular system on the electrocardiogram. T-wave changes following glueose administration are apparently on a different basis, and may be related to chemical changes occurring after carbohydrate ingestion. In individuals with T-wave lability, the type of T-wave change noted could frequently be induced by a variety of different methods. The incidence rate of nonspecific T-wave changes in different age groups points up an increased frequency in younger subjects compatible with the concept that young individuals are more likely to have labile and inconconsequential T-wave changes than subjects 35 years old and older. There was a stepwise increase in the incidence rate of nonspecific T-wave changes after age 35 years. This increased incidence rate with successively older age groups suggests the probability that the increased incidence is due to the type of cardiac abnormalities associated with increasing age.
It is important to emphasize that T-wave changes should be classified as nonspecific. In certain instances such changes are not innocuous and may represent significant underlying heart disease and in other instances they appear to be related to physiologic events and have no clinical consequence.', The distinction between T-wave changes due to heart disease from innocuous T-wave changes frequently cannot be made on the basis of an electrocardiogram alone and requires a coniprehensive clinical evaluation.
Myocardial Infarction
There were 42 (0.34 per 1,000) individuals who had records compatible with myocardial infaretion. The criteria for establishing this diagnosis have been published previously.9 These criteria are as follows:
Inferio,r wall infarction: (1) Q3 of at least 0.04 second in duration, and followed by an R wave; (2) Q in aVF of at least 0.02 second in duration; (3) Q2 must be present; (4) the amplitude of the QRS complex in lead III must be at least 5 mm. (0.5 mv.), unless Q3 is greater than 2.5 mm. (0.25 mv.) ; (5) P3 nust be upright, and there must be an isoelectric interval between the P and Q waves.
Anterior wall infarction: (1) R waves must be absent in leads V1, V2, and V3, or there must be a significant localized loss of R-wave amplitude in leads V2, V3, or V4; and (2) P waves must be upright in lead V2. There were 12 individuals who had records compatible with anterior wall myocardial infaretion. Four of these were young men, aged 20 to 24 years. It is possible that the electrocardiographic pattern was. associated with body stature and electrical axis. A precordial map from the second to the sixth intercostal spa,ces was obtained in ea-ch subject, and this interpretation was made only in those subjects, who definitely met the criteria listed above and in whom the problem of electrode placement could be ruled out. There were two subjects who showed anterolateral myocardial infaretion. There were 28 subjects that had records compatible with inferior wall myocardial infarction. Twentyseven of this latter group we-re 30 years of age or older and 10 subjects were in the a.ge group of 35 to 39 years. Not all had supporting clinical evidence of myocardial infaretion. Subsequent tracings and follow-up data will lend greater significance to the importance of thes,e electrocardiographic findings. Two subjects with tracings compatible with recent inferior wall myocardial infarction, upon interrogation, revealed a history within the month of myocardial infarction. The previous infarction would not have been detected in either of these subjects had it, not been for the routine electrocardiograms recorded as part' of this survey. progressively with age coincides with previous medical opinion that sinus arrhythmia is a characteristic of youth.
Left Axis Deviation
Left axis deviation was defined as a QRS axis in the frontal plane greater than -30°. The incidence of this finding increased with age. A discussion of this phenomenon and the relation of left axis deviation to height, age, and weight is included in the former study.10
Right Axis Deviation
Only 66 subjects showed right axis deviation with a QRS axis in the frontal plane of +105' or greater. The majority of these were in the younger age group. In subjects 45 years of age or older no electrocardiograms were found with a QRS axis greater than +90°that were not associated with known heart disease.
Decreased QRS Amplitude
Low QRS amplitude was arbitrarily said to exist when all QRS complexes in the limb leads were 0.9 mv. or less. Measurements were made from the peak of the R wave to the nadir of the S wave as in the previous study of normal values. No special significance is attached to QRS complexes in limb leads 0.9 mv. or less; but this was merely chosen as a dividing line. All 57,668 electrocardiograms were judged according to those criteria. A definite increase in the rate per thousand with age was noted beginning with 28.5 per thousand in the youngest age group and terminating with 305.8 per thousand in the oldest age group. The even progression from one 5-year age group to the next is in conformity with the previously reported study based on QRS amplitude measurements calculated by a more refined method.10 An S wave in leads I II, and III indicates a and II or in leads I, terminal QRS force directed upward and to the right, probably a.s a result of delay in activation at the base of the heart. Whether an S wave or an R' wave concludes. the QRS complex in V1 depends on the posterior or anterior direction of the terminal vector or upon the relation of the precordial electrode above or below the origin of the terminal vector. There is a steady decline of both the Si, S2 and Si, S2, S3 pattern with age. Physiologic ventricular hypertrophy s,een in the younger age groups may be responsible for this process. An alternative explanation is, that progressive changes in the order of ventricular excitation with age res,ult in eradication of terminal S waves in the s,tandard limb leads.
R/S Ratio in V1 and V2
When the R-wave aniplitude in V, or V2 exceeded the: corresponding S-wa,ve amplitude, a notation was made and the statistics, were assembled. The ratio, in V1 had a similar incidence for the various age groups. There was a progressive increase in the incidence of the R to S ratio in V2 with age. An attempt was made to correlate the increase of left axis, deviation with age to the increased incidence of a rightward transition zone with age. Only 35 of 54,668 individuals had both left axis deviation and rightward position of the transition zone; these were evenly distributed among the various age groups.. It could not be concluded that left, axis, deviation and an early transition zone were related phenomena. Their simultaneous occurrence was not different from what chance would predict.
Circulation, Volume XXV, June 1962 Indeterminate QRS Axis Intraventricular conduction variation producing a QRS loop such that all limb leads were biphasic produced a manifest electrocardiogram for which the QRS axis in the frontal plane could not be determined. This occurred in 553 individuals; there was no significant variation between the age groups.
Short P-R Syndrome
The short P-R interval syndrome was defined as an absence of an isoelectric P-R segment in one or more standard limb leads associated with upright P wave and a short P-R interval (usually 0.10 second or less). There were 881 subjects with this finding. The incidence was approximately the same for all age groups.
Clinical correlation was not specifically sought for this electrocardiographic variation; however, since the vast majority of these subjects are asymptomatic and in apparent good health, it seems unlikely that heart disease, arrhythmia, or other medical problems would be a common associated factor for this population. Based on experience with this population, our opinion is that the short P-R interval syndrome is a normal variant due to accelerated AV conduction, which occurs as an individual idiosyncrasy corresponding to P-R interval prolongation at the other end of the scale. The possibility that the pacemaker is located in or about the AV node does not seemi logical in view of the antegrade atrial excitation.
Low T-Wave Amplitude
A very frequent finding that was not considered a nonspecific T-wave abnormality was T-wave amplitude in all limb leads of 0.2 mv. or less. There was a steady increase in the frequency of this finding with each successive age group, independent of heart disease recognizable by currently accepted diagnostic criteria. Low QRS amplitude and low T-wave amplitude frequently occurred independently.
A total of 6,782 subjects had low QRS anmplitude, and 3,766 subjects had low T-wave amplitude. Only 586 subjects had both low QRS amplitude and low T-wave amplitude.
Notched P Waves
Marked notching of the P waves with an increased P-wave duration is usually ascribed to atrial disease and atrial hypertrophy. Minor degrees of notching of the P wave or dimpling is verv frequent, however, and the incidence of this finding was calculated and is presented in table 9 . The incidence appears to increase with age.
Summary
Electrocardiog,rams on 122,043 apparently healthy male subjects aged 16 years to over 50 years have been studied. Of this group 5,773 subjects (4.72 per cent) had electrocardiographic abnormalities. The more common abnormalities were expressed in terms of rate per thousand subjects for each 5-year age group. This provides a means of relating incidence to age. Each abnormality and its clinieal significance is discussed.
In 54,668 subjects incidental findings such as notched P waves, amplitude, and wave forms were tabulated.
Religio Medici
And if we should allow of the old Tradition that the World should last six thousand years, it could scarce have the name of old, since the first Man lived near a sixth part thereof, and seven Methusela's would exceed its whole duration. However to palliate the shortness of our Lives, and somewhat to compensate our brief term in this World. it's good to know as much as we can of it, and also so far as possibly in us lieth to hold such a Theory of times past, as though we had seen the same. He who hath thus considered the World, as also how therein things long past have been answered by things present, how nmatters in one Age have been .acted over in another, and how there is nothing new under the Sun, may conceive himself in some manner to have lived from the beginning, and to be as old as the World; and if he should still live on, 'twould be 
